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Abstract: 
Reproductive strategies in plants have been the subject of a number of studies, 
some of which have concluded that "big bang" reproduction, as in Yucca whipplei, is 
generally a consequence of an exponential advantage for very large inflorescences. The 
demographics of Scutellaria montana (Lamiaceae) were studied over three years, seeking 
reasons for observed low fruit set. It was found that many of the plants in the study 
populations were oscillating in size, which suggested that some plants might be 
alternating years oflarge reproductive effort with years of conservation of resources for 
future reproduction. Analyses demonstrated that there was an increasing reproductive 
return with larger inflorescences. Pollen limitation was also observed, indicating a 
possible mechanism for the observed advantage for large inflorescences. Oscillators 
were found to differ significantly from non-oscillators in reproductive characteristics, and 
were found to have greater reproductive success over the three year study. It is possible 
that increasers are young plants, and decreasers are plants in decline, while oscillation is 
the natural growth pattern for the species. On the other hand, it may be that the reason 
why only about half of the plants are oscillating may be due to genetic heterogeneity in 
the population, a possibility that seems to be supported by genetic data. The populations 
of S. montana are hybrids of two previously isolated groups. 
Introduction: 
Reproductive strategies in plants are determined by the returns to be obtained 
from reproductive efforts (Chamov 1982). The best, or evolutionarily stable strategy 
(ESS) is the one which yields the greatest fitness, which in plants is most often estimated 




produced over the organism's life span that survive to reproductive age. This number is a 
product of the number of reproductive events, the number of offspring produced, and the 
survival rate of those offspring. Evolutionary pressures tend to optimize the strategy 
according to the ecological constraints of the system. The relationship between 
reproductive effort and fecundity is basic to reproductive strategy. For example, if the 
relationship between reproductive effort and fecundity is linear, an average effort is 
expected in each year, as each sequential increment of additional effort gains the same 
reproductive benefit (Schaffer 1974). In other words, for a perennial, an iteroparous 
strategy is the most effective, as no advantage is gained by production of a large, showy 
inflorescence. If, however, the relationship between reproductive effort and fecundity is 
quadratic (i.e. effort is proportional to the square of fecundity), a disproportionate 
advantage is gained by plants producing very large inflorescences (Schaffer 1974). The 
classic example of this sort of pressure is seen in yuccas (Udovic 1981), which are 
semelparous, saving up resources to finally reproduce in a single, massive event. What, 
then, are the implications for an iteroparous species under these constraints? 
Given an exponentially increasing return for reproductive investment, an ideal 
strategy would generate very large inflorescences less frequently, rather than average-
sized inflorescences each year. For a species evolutionarily constrained to be iteroparous, 
this could be achieved by oscillation in size so as to produce large inflorescences in 
alternate years, taking advantage of the benefits of large reproductive effort. In low 
years, the plant could exert much less effort and save its resources for the next year's 
effort. 
/ 
In this study, Scutellaria montana (Lamiaceae), an understory herbaceous 
perennial found in dry, deciduous woodlots, is our experimental species. S. montana is 
an endangered species that occurs in a very limited distribution around the Alabama-
Georgia-Tennessee border (McKerrow 1994). Its levels of fruit set are low relative to 
other members ofthe genus (unpublished data). Initial analyses indicated that fruit set 
was partially due to pollen limitation. We use this system to address the following 
questions: 1) Is pollen limitation apparent in S. montana? 2) Does there exist an 
exponential relationship between reproductive effort and fecundity? 3) Is there evidence 
for the effects of this reproductive pressure on the strategy of the iteroparous S. montana, 
especially for oscillation in size from one year to the next? 
Methods: 
Demographic studies were performed on a group of sUbpopulations along a 7 km. 
stretch of the Tennessee River gorge in Marion County, Tennessee. In this area, plants 
tended to be widely scattered in the forest understory, with occasional areas of higher 
density. Demographic plots were located in areas of relatively dense concentrations of 
plants and bounded with poles at either end. Poles were spaced 15-30m apart, and placed 
so as to include most ofthe plants in the area. The edges ofthe plot were drawn 5 meters 
to either side ofthe line between the poles. All of the plants within the plot boundaries 
were mapped by measuring the distance from the plant to each ofthe poles. Each plant 
was marked with a numbered aluminum tag secured in the ground with a nail at the base 
of the plant and a surveying flag so that it could be relocated in following years. 
In May of each year during peak flowering, demographic characters within the 
plots were evaluated. For each individual, the total numbers ofleaves and flowers were 
counted, and the total stem length was measured as the sum of the lengths of all the stems 
of the plant. Fruit set for each mapped plant was recorded four to six weeks after 
flowering. Demographic data were recorded each of three years, from 1996 through 
1998. Each year, any new plants within the plots were mapped and measured as above. 
Levels of pollination were assessed by collecting a random sample of styles from 
senescent flowers in each of the mapped plots in 1996 and 1997 (Keams and Inouye 
1993). In 1996, styles were collected on two occasions, once in early flowering and once 
late in flowering. Up to 10 styles were collected per population on each occasion, with 
no more than one style collected per plant. In 1997, a total of 113 styles were collected 
from all populations once, in late flowering. Styles were stored in 70% ethanol in 
microcentrifuge tubes. This treatment does not remove germinated grains (unpublished 
data, Cruzan 1983). The pollen was stained by adding two drops of malachite green to 
the ethanol, and the number of pollen grains on the receptive surface of each stigma was 
counted at 70x under a stereo microscope. 
Competition from surrounding herbaceous plants was assessed through estimates 
of percent cover in the immediate vicinity of each plant. In 1997 and 1998 the area 
covered by surrounding foliage was estimated visually over a circular area of 0.5 meter 
radius around each plant. 
A measure of local flower density was computed to quantify the availability of 
pollen from nearby plants to fertilize flowers and to contribute to the attraction of 
pollinators. The plant location data was used to find the distances to the five nearest 
neighbors of each plant. Local flower density (lfd) around each plant was computed for 
the 1996 and 1997 databases, as follows: 
where dn = distance to neighbor plant and In = number of flowers on neighbor plant for 
each of the three nearest plants. 
Incident light for each plant was estimated using canopy photographs. These 
photos were taken in the first year with an 8 mm 180 degree view fisheye lens leveled 
over the top of each individual plant. Pictures were taken on Kodak T -MAX 400 speed 
film and processed using T -MAX developer. Each negative was mounted as a slide and 
then scanned at 500 dpi with a Nikon CoolScan slide scanner. Negatives were digitized 
and analyzed for the proportion of open sky and average luminance using Optimas image 
analysis software (version 5.2). The proportion of open canopy was estimated as the 
proportion of the image area that was within the range of +20 ofthe average luminance 
value of the sky. Average luminance was calculated as the average gray value of the 
whole image, scaled by the gray value ofthe open sky for each image to correct for 
differences in the time of day and film processing. 
Data Analysis: 
Because plant size often is strongly associated with fecundity, efforts were made 
to understand size and growth patterns in the study populations. Plant size was defined 
by leaf number each year. Due to wide variations in average size among years, standard 
deviates were used to examine size in year-to-year analyses. The standard deviate (d) of 
each parameter was calculated using the difference between each value (Xi) and the mean 
(x) standardized by the standard deviation ( 0") 
d = (x-x;) 
0" 
Data analyses were performed to determine the factors most important to 
reproductive demography in each year of the study. Prior to analysis, leaf number, stem 
length, number of flowers, number of fruits (for plants setting fruit), and pollen counts 
were log transformed. Variation in leaf number in each year was analyzed for differences 
among sUbpopulations and the affects of canopy luminance, area of open sky, and percent 
ground cover using the GLM procedure of SAS (SAS Inst., Inc. 1990). Similarly, 
inflorescence size each year was analyzed for the effects ofthe same four characters as in 
the previous analysis plus leaf number. The yearly number of fruits set was compared to 
all ofthe same characters used in the flower number analysis, as well as flower number 
and local flower density. The CATMOD procedure of SAS (SAS Inst., Inc. 1990) was 
used to examine factors affecting the likelihood of each plant setting fruit. The characters 
examined included subpopulation number, leaf number, length, flower number, canopy 
luminance, local flower density, and percent ground cover. 
Further analysis sought to analyze trends from year to year, and over the entire 3-
year duration ofthe study. Growth was computed as the change in leaf number from one 
year to the next. A Pearson correlation analysis was used to find the relationship between 
leaf number each year and growth in sequential years, 1996-97 and 1997-98. Because the 
size of individual plants varied substantially among years, we used the three-year 
averages of reproductive characters to estimate fitness. Average flower production over 
three years was analyzed using the same GLM model (SAS Inst., Inc. 1990) as was used 
previously for individual years. To look directly at the factors with an effect on fruit set, 
the total number of fruits set over three years was analyzed for differences among 
subpopulations as well as the effects of mean leaf number, mean flower number, mean 
local flower density, canopy luminance, area of open sky, and percent ground cover using 
the GLM procedure of SAS (SAS Inst., Inc. 1990). 
Because initial data analysis suggested size oscillations in individual plants 
between years, they were divided into four groups based on growth patterns. The first 
group, oscillator A, contained those plants that decreased in size from 1996 to 1997, and 
increased in size from 1997 to 1998. Oscillator group B contained the plants that 
increased in size from '96 to '97 and decreased from '97 to '98. Decliners included those 
plants that decreased in size both times, while increasers were the group of plants that 
increased in size throughout the study. 
Once it had been shown that many of the plants were oscillating in size from year 
to year, we examined the possibility of disproportionate advantage gained by plants with 
exceptionally large inflorescences that might provide a reason for this growth pattern. 
Fruit number in each year was compared with mean size (standard deviate) over three 
years, flower number, and flower number squared by multiple regression (SAS Inst, Inc. 
1990). Three analyses of this type were performed to isolate certain aspects of this 
relationship. First, the linear component was quantified by comparing size and flower 
number to fruit number. Second, the analysis was repeated with the square of flower 
number added, in order to determine the quadratic component of the relationship with the 
effects of plant size held constant. Finally, the third analysis simply compared flower 
number and the square of flower number to fruit number, and left out the effects of size. 
The demographic differences between oscillating and non-oscillating plants were 
analyzed with a series of ANCOV As using the GLM procedure of SAS (SAS Inst., Inc. 
1990) to see if one strategy was significantly more successful than the other. For plant 
size, flower number, and fruit number, standard deviates were used in these analyses. 
Plant size was compared to subpopulation, growth pattern, mean local flower density, 
canopy luminance, area of open sky, and percent herbaceous cover. This analysis was 
performed for each year individually and for mean size over all three years. Similarly, 
flower number was compared to the same parameters, as well as mean size, for each of 
the three years individually and the mean for all three years. Fruit number was compared 
to the same set of parameters as flower number, both for the individual years and for the 
total fruit set over all three years. Mean plant size, mean flower number, and total fruit 
set were compared between oscillators and non-oscillators. Also, in individual years, 
contrasts were used to compare each group of oscillators to all the other groups to 
determine years in which each group was significantly different from the others. 
Reproductive efforts of plants from each ofthe four growth patterns were 
compared to quantify the changes in effort from year to year in different groups. A chi-
square analysis compared frequency of flowering between the different growth patterns 
each year, seeking to find groups with higher flowering rates in each year. The amount 
of resources a plant devotes to reproduction was quantified as the ratio of flower number 
to leaf number. This measure of reproductive effort was compared by GLM (SAS Inst., 
Inc. 1990) with subpopulation, growth pattern, mean local flower density, canopy 
luminance, area of open sky, and percent herbaceous cover. Reproductive effort for each 
of the oscillator groups was compared to the other three groups in each year to determine 
whether or not they deviated significantly from the norm for that year. 
One simple explanation for the differing growth patterns would be the existence 
of significant environmental heterogeneity between plants of the four growth patterns. 
This possibility was tested by GLM (SAS Inst., Inc. 1990), seeking variation between 
growth patterns in all ofthe environmental characters measured in the study, which 
include mean local flower density, canopy luminance, area of open sky, and percent 
herbaceous cover. In each case, sUbpopulation and growth pattern were tested for 
covariance with environmental variation. 
Results: 
The eight demographic plots of S. montana surveyed contained a total of 436 
plants in 1996, 577 in 1997, and 633 in 1998, averaging 7.6 leaves, 3.9 flowers, and 0.85 
fruits per plant over all three years (Table 1). Plant size and flowering levels varied 
widely both for individual plants and for the population as a whole from one year to the 
next (Fig. 1). In 1996, plants were generally larger than in subsequent years, and many 
more of them flowered. 1997 and 1998 were relatively similar in the overall size 
distribution and level of flowering. 
Leaf number of each plant in each ofthe three years and over the entire length of 
the study (Table 2) was controlled primarily by amount of herbaceous cover in the 
immediate area, with a lesser amount of the variation being explained by differences 
between subpopulations. Interestingly, the relationship between leaf number and percent 
cover was positive, indicating that larger plants tended to occur in areas with higher 
levels of surrounding cover (slope = 0.61, P < 0.002, ). The only year in which this 
relationship was not significant was 1998. Canopy luminance and open sky did not show 
significant effects on leaf number in our analysis. 
The size of plants was found to oscillate significantly between years (Fig. 2). The 
change in size from one year to the next was negatively correlated with size in the first of 
the two years for both the 1996-1997 transition (r = -0.1637, n = 389, P < 0.0012) and 
the 1997-1998 transition (r = -0.4200, n = 521, P < 0.0001). Also, growth from the first 
year to the second was negatively correlated with growth from the second to the third 
year (r = -0.4525, n = 364, P < 0.0001). The oscillation was not synchronous for all the 
plants; oscillating plants were distributed fairly evenly between group A (n = 82) and 
group B (n = 55). There were, however, more decreasers (n = 219) than any other group, 
and very few plants fell in the increaser category (n = 8). 
The number of flowers produced each year was primarily determined by plant 
size (Table 3). Plants with large numbers of leaves tend to have larger inflorescences. 
Area of herbaceous cover has some influence on flower number as well, but not as large 
as that of leaf number. There was also significant variation among subpopulations (Table 
3). 
Fruit set, measured as the number of fruits per plant, was controlled primarily by 
number of flowers (Table 4). Fruit set did show significant amounts of variation 
between subpopulations in 1996 and 97, but not in 1998. Flower number was an 
important and significant control on both the probability and the quantity of fruit set. No 
other significant controlling factors were found (Table 4). 
Plants with very large inflorescences gained a significant reproductive advantage 
over plants with average numbers of flowers. While there was a significant linear 
component to the relationship between flowers and fruits, the relationship was 
significantly quadratic, indicating an exponential advantage gained with increasing 
flower number (Table 5). This relationship remained significant in all three years, with 
and without plant size held constant, indicating that the relationship is not simply due to 
an effect of size on fruit set (Emms 1993). 
There was significant variation in several characters among plants of the four 
different growth patterns (oscillator A, oscillator B, decreaser, increaser). Leaf number 
and flower number were both significantly different in each of the three years between 
the four growth strategies (Fig. 3). Fruit number also differed significantly between 
growth patterns in 1996 (F = 5.63, P < 0.0009, 31286dj), and this difference was almost 
significant in 1997 (F = 2.57, P < 0.0551, 3/256dj). Plants in group A were significantly 
larger (F = 29.97, P < 0.0001, 1I287dj) and had more fruits (F = 4.14, P = 0.0429, 
1I286dj) than those in all other groups in 1996, whereas group B did not differ 
significantly in any category in that year. In 1997, group A individuals were smaller than 
those in other groups (F = 19.42, P < 0.0001, 1I287dj) and had significantly less flowers 
(F = 20.14, P < 0.0001, 1I286dj) and fruits (F = 5.88, P < 0.0160, 1I256dj), while 
individuals in group B were larger (F = 60.95, P < 0.0001, 1I287dj) and had more flowers 
(F = 18.02, P < 0.0001, 1I286dj). In 1998, members of group A were significantly larger 
(F = 15.19, P < 0.0001, 1I287dj), while those in group B were smaller (F = 23.94, P < 
0.0001, 1I287dj), and group B had less flowers (F = 5.93, P < 0.0155, 1I286dj) than all 
other groups. It may appear that these differences could be simply attributed to different 
growth patterns by plants in different habitats; however, there were no significant 
differences among the four groups for any of the environmental variables that we 
measured (all P > 0.40). 
The size and reproductive output over all three years of oscillators (A and B) was 
significantly different from non-oscillators (C and D), as shown in Fig. 4. Overall, mean 
size and flower number over three years, as well as total fruit production through the 
entire study, were significantly different between growth patterns (P = 0.0001, 0.0138, 
and 0.0426, respectively). Oscillators are significantly larger overall for the three year 
study than are non-oscillators. There is no significant difference in flower number 
between oscillators and non-oscillators, but total fruit set is significantly higher in 
oscillators than in non-oscillators. 
Reproductive effort also differed with growth patterns (Fig. 5). Reproductive 
effort is defined as the ratio of flower number to leaf number, and represents the 
proportion ofa plant's resources allocated to the attempt to reproduce. There was 
significant variation in flowering frequency between growth patterns in 1997 and 1998 (P 
= 0.001 for both years). Reproductive effort was also significantly different between 
oscillators and non-oscillators in 1997 (P = 0.0061) and 1998 (P = 0.0001). The 
reproductive effort of oscillators is similar to that of non-oscillators in their high years, 
but because of significant size differences, they will have larger inflorescences in terms 
of absolute size than will non-oscillators. These trends hold true for the most part in 
1997 and 1998, but are generally not significant in 1996, as that was an unusual year with 
exceptionally high flowering levels. As all plants flowered at high levels, differences in 
reproduction between groups generally do not appear in this year. 
Discussion: 
Fruit set levels are very low for S. montana. This could be explained in a number 
of ways, but two of the most obvious possible causes are resource limitation and pollen 
limitation. The presence of significant variation between subpopulations in size, size of 
inflorescence, and fruit set imply some resource limitation, as there existed clear variation 
in environments between the eight subpopulations studied. However, resource limitation 
is not the only force at work, as apparent from the relationship between inflorescence size 
and fruit set. At small inflorescence sizes, the relationship is largely linear, indicating 
resource limitation in this part of the size spectrum (ref). For average and large 
inflorescences, though, the relationship between number of flowers and fruit set is 
quadratic, a characteristic that is not typical of resource limited plants (Schaffer 1974). 
This relationship indicates a differential advantage gained by exceptionally large 
inflorescences. This is most likely due to an advantage in attracting pollinators with a 
large, showy display (Schaffer 1974, Udovic 1981). 
S. montana is clearly pollen limited, as many flowers were found to be 
unpollinated. Furthermore, many ofthose plants which did receive pollen had relatively 
few pollen grains, which could be even more limiting (McDade, 1983). Unfortunately, 
due to the sampling method for our pollination data, it was impossible to correlate 
pollination with individual plant reproduction, but the data were still adequate to illustrate 
the low levels of pollination within the entire population. In informal pollinator 
observations, very few pollinators were observed visiting the flowers. Under conditions 
of pollen limitation, large inflorescences in S. montana may provide an advantage if they 
are more effective at attracting pollinators. 
Given this competition for pollination and the strong relationship between plant 
size and inflorescence size, it makes sense to view the various growth patterns as 
reproductive strategies. Oscillating reproductive effort would be a very effective strategy 
in an environment with the constraints apparent in this population. Resources are 
somewhat limiting, so there is a need to make the most efficient use of any resources 
allocated to reproduction. Also, with the limited pollination present in the population, the 
differential advantage of large inflorescences will become more important. In this 
situation, a plant that puts out an average-sized inflorescence each year will not receive as 
large a return for its effort as a plant that oscillates in effort from year to year. Thus, in 
"off' years, it can put in a small reproductive effort and save up resources for the next 
year. In "on" years, it has the resources to make a larger display, and can reap the 
benefits of a very large inflorescence. These returns are apparent in the greater total fruit 
set for oscillators as opposed to non-oscillating groups. 
With the obvious advantages of size oscillation, it seems curious that slightly less 
than half of the plants studied over all three years oscillated in size. A very small 
proportion ofthe remainder increased in size over the length of the study, which could 
represent young plants which have not yet reached a size where they can overcome the 
effects of simple resource limitation and make effective use of size oscillation to increase 
their success. Decreasers are a bit harder to explain, but represent the largest group in the 
study. Their decreasing size exerts a large effect on population-wide averages, visible in 
Fig. 1. These could be plants just beginning to oscillate, which have not yet settled into 
the cycle, but this seems unlikely given the large numbers of plants in this group. It 
could also be that these are unsuccessful plants, which are running a resource deficit each 
year. This seems a bit uncertain given the absence of any significant difference in 
environments between this group and the supposedly more successful oscillators. There 
may also be other effects in action which we did not observe, such as damage due to 
herbivory, which has often been observed in members of this population (unpublished 
data, McKerrow 1994). The presence of pathogens or physical disturbances are also 
possible causes of declines in plant size. Thus, these simple explanations mayor may not 
be adequate to explain this strategy. 
Another possibility is that oscillators represent a different genotype from non-
oscillators. Oscillators may have a genotype that enables them to save resources from 
one year and use them for large inflorescences in the next. Those plants without the 
oscillating genotype would simply make average-sized inflorescences each year. This is 
genetic heterogeneity is not unlikely, as DNA analysis has shown that populations of S. 
montana in this area are hybrids between two previously isolated lineages (unpublished 
data). Given the limitations of the plants in this population, it is obvious how an 
adaptation like this could be advantageous to those that acquired it. 
At this point, the focus of this study needs to be on adding more years of study to 
the data set to see how these strategies continue over longer time periods. With more 
years of study, other aspects of the growth patterns may become apparent, or a clearer 
reason for the presence of different reproductive strategies in S. montana. Also, more 
extensive pollinator studies are important to our understanding of the reasons behind 
pollen limitation and the forces driving low fruit set levels in the species. These studies 
could clarify reproductive demographic patterns in S. montana. 
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Table 1: Yearly demographic averages 
1996 1997 1998 
Leaves 9.80 6.49 7.03 
Flowers 6.50 3.35 2.65 
Fruits 0.97 0.71 0.88 
% Plants flowering 75.81 % 44.33 % 38.76 % 
% Flowers pollinated 56.25 % 50.00 % not measured 
% Plants setting fruit 15.02 % 18.12 % 28.07 % 
Table 2: Factors Affecting Leaf Number 
1996 1997 1998 Total 
D.F. F Prob. F Prob. F Prob. F Prob. 
Subpopulation 7 6.14 0.0001 2.88 0.0062 4.69 0.0001 2.11 0.0423 
Canopylum. 1 0.53 0.4674 2.19 0.1399 0.40 0.5280 0.03 0.8579 
Area open sky 1 0.01 0.9122 1.81 0.1791 2.25 0.1345 0.30 0.5836 
% Ground cover 1 1l.76 0.0007 9.88 0.0018 l.70 0.1926 7.61 0.0062 
Table 3: Factors Affecting Flower Number 
1996 1997 1998 Total 
D.F. F Prob. F Prob. F Prob. F Prob. 
Subpopulation 7 2.09 0.0443 2.09 0.0442 2.41 0.0201 2.79 0.0081 
Leaf number 1 145.41 0.0001 45.01 0.0001 55.14 0.0001 308.68 0.0001 
Canopylum. 1 2.21 0.1383 0.04 0.8359 0.26 0.6138 0.51 0.4755 
Area open sky 1 0.85 0.3572 0.17 0.6843 0.28 0.5978 1.77 0.1848 
% Ground cover 1 8.93 0.0030 2.94 0.0875 3.97 0.0470 0.13 0.7169 
Table 4: Factors Affecting Fruit Set 
1996 1997 1998 Total 
D.F. F Prob. F Prob. F Prob. F Prob. 
Subpopulation 7 5.68 0.0001 2.10 0.0474 0.95 0.4718 1.17 0.3193 
Leaf number 1 1.97 0.1623 1.82 0.1790 0.61 0.4373 0.13 0.7141 
Flower number 1 13.88 0.0002 12.60 0.0005 11.30 0.0011 51.05 0.0001 
Local flwr. den. 1 3.78 0.0532 1.91 0.1693 0.89 0.3482 2.02 0.1573 
Canopylum. 1 0.50 0.4814 0.55 0.4582 0.46 0.4987 0.76 0.3852 
Area open sky 1 2.93 0.0885 1.25 0.2653 0.46 0.4977 1.95 0.1647 
% Ground cover 1 2.74 0.0994 0.94 0.3342 0.02 0.8902 0.01 0.9418 
Table 5: Linear and quadratic effects of leaf and flower number on fruit set 
Mean size Flowers Flowers2 
r Prob. r Prob. r Prob. 
Linear 
1996 -0.0206 0.1332 0.0945 0.0001 
1997 -0.0120 0.4080 0.1048 0.0001 
1998 -0.0252 0.1007 0.1260 0.0001 
Quadratic wi size constant 
1996 -0.0012 0.9323 -0.0811 0.0289 0.0695 0.0001 
1997 0.0017 0.9095 -0.0373 0.3517 0.0603 0.0002 
1998 -0.0176 0.2552 0.0729 0.0042 0.0270 0.0094 
Quadratic wlo size constant 
1996 -0.0483 0.1585 0.0555 0.0001 
1997 -0.0358 0.2523 0.0609 0.0001 
1998 0.0848 0.0001 0.0264 0.0017 
Figure 1: Size distribution of plants by reproductive status, 1996 
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Figure 3: Patterns of change in plant size for the four growth patterns 
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Figure 4: Demographic differences between growth patterns 
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Figure 5: Differences in reproductive effort between growth strategies 
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